Variable temperature cell for laser Raman spectroscopy (from Miller and Harney, 1970 Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213 (W.G.F.) ; and Air Force Materials Laboratory (LPA), Ohio 45433 (N.T.M., F.F.B.) With the recent growth in interest in the ir and Raman spectra of crystals, it has become very important to know which vibrational modes are optically active. Hornig, Winston and Halford, and Bhagavantam and Venkatarayudu pioneered in developing methods for this. However, heretofore the determination has been a laborious procedure fraught with difficulty and with many points of indecision. Among the latter is the choice of the primitive cell and the correct site symmetry of each atom. What is needed is a short, straightforward, foolproof method. We propose here an alternate procedure for obtaining the activity of the vibrations from the correlation tables which comes close to meeting these goals. The calculation is reduced to but a few minutes' work. The method will be explained in detail by use of numerous examples. Vol. 25, No. 2, 1971, pp. 155-173, 175 The experimental observation of the resonance Raman effect in solutions with laser excitation is restricted by the absorption of the sample. Due to the thermal lens effect it is not possible to get a sharp laser focus in highly absorbing media. Under ordinary circumstances one is required to compromise between absorption and emission of the scattered light-that means discovering optimal solution concentrations and suitable laser power or focusing conditions to get the smallest degradation of the laser beam. Vol. 25, No. 4, 1971, pp. 500-501, 165 citations (Ferraro and Basile, 1974) R. L. Dahlquist and J. W. Knoll
Velmer A. Fassel
Alexander Scheeline mode with a direct-reading polychromator for simultaneous multi-element determinations. The inductively coupled plasma is shown to be remarkably free from matrix and interelement effects by application for the determination of major (Na, K, P, Ca, and Mg) and trace (Fe, Cu, Zn, Mn, Pb, Cd, Co, Cr, Ni, V, Ti, Ai, Sr, and Ba) elements in reference biologic materials and soil extracts. Wet-digestion and several dry-ashing sample preparation procedures are evaluated. Accuracy, precision, and sensitivity compare favorably with other multielement instrumental techniques (neutron activation analysis, energy dispersive X-ray fluorescence, solution-rotating disk atomic emission spectrometry) and with flame atomic absorption spectrometry. The directness of the method reported here is illustrated by use of one set of system operating conditions with one set of synthetic reference solutions used to establish a single calibration curve for each element. Vol. 32, No. 1, 1978, pp. 1-29, 259 Vol. 33, No. 3, 1979, pp. 206-219, 372 citations
Investigation of Bipolar Oscillatory Spark Discharges
Alexander Scheeline and John P. Walters
Department of Chemistry, University of Wisconsin, Madison, Wisconsin 53706
Bipolar spark discharges were investigated to determine whether the two cathodic vapor plumes successively created would mix, and, if so, whether energy transfer between the plume species would occur. Vapor mixing was observed; changes in sampling or excitation mechanisms were also indicated. Possible reasons for the changes in emission patterns are discussed. Vol. 33, No. 2, 1979, pp. 150-162 The feasibility of performing a double resonance excitation of fluorescence from molecules in a condensed phase is discussed. A vibrational excitation can be created by either stimulated Raman scattering or infrared absorption while a second excitation can excite the molecule to an excited electronic state from which fluorescence can occur. By providing high rates of excitation, one can overcome the rapid vibrational relaxation rates to produce fluorescence. By scanning the second excitation frequency in synchronization with either the infrared frequency or the difference frequency producing the stimulated Raman scattering, one can obtain spectra that are analogous to Raman or infrared spectra. This approach would have the sharp lines characteristic of fluorescence spectroscopy. Vol. 34, No. 2, 1980, pp.151-157 There is an increasing awareness that the separation of overlapping bands by the mathematical technique of curve fitting offers many pitfalls and should not be undertaken lightly. This review discusses critically the various factors involved, with particular reference to vibrational band systems; other types of overlapping band systems encountered in analytical work are considered in less detail. Five parameters are involved: the number of component bands, their positions, shapes and widths, and the form of the baseline. Curve fitting, by a least squares optimization method to a suitable goodness of fit criterion, is considerably facilitated if approximate values for some of the parameters are known at the outset. The methods available for peak finding are discussed and, although not free from problems, are reasonably effective. Similarly, band shapes can usually be defined semi-quantitatively. However, it is seldom possible to obtain prior information on band widths; these should be determined during the curve fitting calculations. Although statistical goodness of fit criteria are available they should be used in conjunction with a visual plot, to locate any regions of poor fit. Furthermore, the overriding consideration must always be that the computer fit is plausible in terms of acceptable chemical species for the system being examined. Vol. 34, No. 3, 1980, pp. 245-267, 277 It is shown that diffuse reflectance techniques enable increased sensitivity to be obtained for infrared microsampling compared with the use of KBr micropellets. When nonabsorbing matrices, such as KCI, are used, detection limits of less than 10 ng of samples are observed. Samples absorbed on graphitized substrates, which have a fairly strong general absorption but few intense absorption bands, may also be studied but at somewhat reduced sensitivity. Diffuse reflectance infrared Fourier transform spectrometry does not appear to be particularly useful for studying adsorbates on silica gel, which is not only a strong infrared absorber but also has a surface which is so active that small changes in the surface structure can change the spectrum significantly. Extraction of sample spots from thin layer chromatography plates followed by deposition onto KCI yields much better results than in situ measurements. Vol. 34, No. 5, 1980, pp. 522-539, 119 An overview is presented of the principles and achievements of various laser-assisted detection techniques that have been developed to observe a single or a small number of neutral atoms in the gaseous state. Possible applications of these single-atom detection (SAD) techniques and their significance for the improvement of analytical detection limits are mentioned. Section I describes the general implications of SAD techniques and contains statistical expressions for the mean and the fluctuation of the signal. An intrinsic limit of detection is defined that relates to the statistical fluctuation of the number of registered atoms in the observation volume. Section II gives a classification and a more detailed description of reported techniques. Experimental detection limits are compared with the intrinsic limits predicted by theory. In Section III, conclusions are drawn about the state-of-the-art and suggestions are made for further improvements, including the lowering of the analytical detection limit.
Classification of single atom detection techniques (Alkemade, 1981 The general theory of Fourier self-deconvolution, i.e., spectral deconvolution using Fourier transforms and the intrinsic line-shape, is developed. The method provides a way of computationally resolving overlapped lines that can not be instrumentally resolved due to their intrinsic line width. Examples of the application of the technique to synthetic and experimental infrared spectra are presented, and potential applications are discussed. It is shown that lines in spectra having moderate signal/noise ratios (ϳ1000) can readily be reduced in width by a factor of 3. The method is applicable to a variety of spectroscopic techniques. Vol. 35, No. 3, 1981, pp. 271-276, 850 citations
Microwave-Supported Discharges

A. T. Zander and G. M. Hieftje
Department of Chemistry, Cleveland State University, Cleveland, Ohio 44115 and Department of Chemistry, Indiana University, Bloomington, Indiana 47405
A review is presented on the historical, fundamental, and practical aspects of microwave-induced plasmas (MIP) and their application to spectrochemical analysis. In particular, the mechanism of formation and stabilization of a microwave discharge is explored and possible excitation processes involving analyte atoms are described. Conditions under which a MIP can be operated are delineated and instrumentation necessary for MIP spectroscopy is described in detail. Methods for sample introduction into a MIP are reviewed and evaluated critically and the performance of MIP sources in real sample determinations is evaluated. Overall, the MIP appears to be a highly promising and under-utilized source in atomic spectrometry. Vol. 35, No. 4, 1981, pp. 357-371, 183 citations
Analytical Applications of Matrix Isolation Fourier Transform Infrared Spectroscopy
G. Mamantov, A. A. Garrison, and E. L. Wehry
Department of Chemistry, University of Tennessee, Knoxville, Tennessee 37996
A review of analytical applications of matrix isolation Fourier transform infrared spectroscopy is presented. The characteristics of matrix isolation spectroscopy are discussed along with practical techniques for obtaining analytically useful results. A few studies relating to matrix isolation used in conjunction with Raman and conventional IR spectroscopy are reviewed. The majority of analytical applications of matrix isolation vibrational spectroscopy has entailed the use of FT-IR techniques. Qualitative and quantitative results from a number of sample types are presented. The coupling of matrix isolation vibrational spectroscopy with chromatographic separations is reviewed. Vol. 36, No. 4, 1982, pp. 339-347 A new method is described and tested for background correction in atomic absorption spectrometry. Applicable to flame or furnace atomizers, the method is capable of correcting backgrounds caused by molecular absorption, particulate scattering, and atomic-line overlap, even up to an absorbance value of 3. Like the Zeeman approach, the new method applies its correction very near the atomic line of interest, can employ single-beam optics, and requires no auxiliary source. However, no ancillary magnet or other costly peripherals are required and working curves are single-valued. The new technique is based on (Cremers, Radziemski, and Loree, 1984) the broadening which occurs in a hollow-cathode spectral line when the lamp is operated at high currents. Under such conditions, the absorbance measured for a narrow (atomic) line is low, whereas the apparent absorbance caused by a broad-band background contributor remains as high as when the lamp is operated at conventional current levels. Background correction can therefore be effected by taking the difference in absorbance's measured with the lamp operated at high and low currents. The new technique is evaluated in its ability to correct several different kinds of background interference and is critically compared with competitive methods. Vol. 37, No. 5, 1983, pp. 419-424 A laser-generated spark was used to analyze liquids spectroscopically for elemental constituents. The spark was produced directly in liquids by a focused laser pulse of 15 ns duration and an energy of about 45 mJ/pulse. The size, temperature, and electron density of the spark are reported. Emissions from once-ionized and neutral atoms and simple molecules were observed. Limits of detection for Li, Na, K, Rb, Cs, Be, Mg, Ca, B, and AI in aqueous solutions were established with the use of a 10 Hz repetitive single spark (RSS). Most of these elements were only detectable at levels above 1 g/mL, although the detection limit for Li was 0.006 g/mL. The relative standard deviation for replicate sample analysis was 4-8%. The detectability of some species was enhanced with the use of a 10 Hz repetitive spark pair (RSP): a pair of sparks separated in time by about 18 ms. The detection limits for B/H20 with the RSP and the RSS were 80 and 1200 g/mL, respectively. Species were also detected in organic solvents and in flowing samples. The laser spark method of liquid analysis would be useful in situations requiring noninvasive monitoring of species at high or moderate concentrations. Vol. 38, No. 5, 1984, pp. 721-729, 138 A new tunable optical filter has been developed which rejects a narrow wavelength interval (Ͻ7.5 nm) in the near-UV, visible, or near-IR spectral region and allows adjacent wavelengths to pass (T Ͼ 90%). This filter will be useful in optics, in spectroscopy, and for laser applications. The active element of the filter is a crystalline colloidal array of polystyrene spheres. The rejected wavelengths are Bragg diffracted from this ordered array. For a particular sphere concentration and scattering from a particular set of lattice planes, tunability can be achieved by the altering of the angle between the filter and incident light beam. Bragg diffraction and light rejection of these filters are monitored by transmission measurements. The utility of this filter for spectroscopic measurements is demonstrated for Raman spectroscopy. Raman measure-Sanford A. Asher ments are shown for polypropylene, a highly scattering material with numerous low-frequency modes. The filter selectively attenuates the elastically scattered light and allows the low frequency peaks to be observed. Use of this wavelength rejection filter to reject the Rayleigh scattered light simplifies the instrumentation, decreases the cost, and increases the sensitivity of Raman spectral measurements. This filter also has the potential to replace dispersive elements such as gratings and prisms in a variety of spectroscopic and optical applications. Vol. 38, No. 6, 1984, pp. 847-850, 122 citations
Multivariate Least-Squares Methods Applied to the Quantitative Spectral Analysis of Multicomponent Samples
David M. Haaland, Robert G. Easterling, and David A. Vopicka Sandia National Laboratories, Albuquerque, New Mexico 87185 In an extension of earlier work, weighted multivariate least-squares methods of quantitative FT-IR analysis have been developed. A linear least-squares approximation to nonlinearities in the Beer-Lambert law is made by allowing the reference spectra to be a set of known mixtures. The incorporation of nonzero intercepts in the relation between absorbance and concentration further improves the approximation of nonlinearities while simultaneously accounting for nonzero spectral baselines. Path length variations are also accommodated in the analysis, and under certain conditions, unknown sample path lengths can be determined. All spectral data are used to improve the precision and accuracy of the estimated concentrations. During the calibration phase of the analysis, pure component spectra are estimated from the standard mixture spectra. These can be compared with the measured pure component spectra to determine which vibrations experience nonlinear behavior. In the predictive phase of the analysis, the calculated spectra are used in our previous least-squares analysis to estimate sample component concentrations. These methods were applied to the analysis of the IR spectra of binary mixtures of esters. Even with severely overlapping spectral bands and nonlinearities in the Beer-Lambert law, the average relative error in the estimated concentrations was Ͻ 1%. The statistical technique of principal components is used to analyze two sets of near-infrared spectra, wheat flour samples for which % moisture and % protein values are included, and milled barley samples for which hot water extract values are included. The methodology and interpretation of this technique are described within the context of NIR data, and its advantages both in providing insight into the variation of the spectra, and as a method of avoiding the problems caused by highly correlated reflectance energy values in the derivation of calibration equations, are highlighted. In each set of samples the first principal component accounts for the vast majority of the variation. These components also have an almost identical shape, which is interpreted as reflecting particle size. The second wheat component and the third barley component are also almost identical, with a shape very similar to that of the spectrum of water. Both fourth components share peaks at points in the spectrum which are used by fixed-filter instruments to measure protein in cereals. Vol. 39, No. 2, 1985, pp. 257-266, 153 citations
Infrared Intensities of Liquids: Determination of Infrared Optical and Dielectric Constants by FT-IR Using the CIRCLE ATR Cell
John E. Bertie and Hans H. Eysel
Department of Chemistry, University of Alberta, Edmonton, Alberta T6G 2G2, Canada
The CIRCLE ATR accessory has been used to measure the optical and dielectric constants of organic liquids and water. The method, based on Fresners equations, is described in detail, and the agreement between the results obtained and literature values is shown to be adequate for chemical use. The utility of optical and dielectric constants for the calculation of traditional infrared intensities in liquids and of dipole moment derivatives is outlined. Vol. 39, No. 3, 1985, pp. 392-401, 112 citations There has long been a widespread interest in the feasibility of Fourier transform Raman spectroscopy. The well-deserved reputation of FTIR has generated hopes for similar benefits in Raman spectroscopy, and the complementarity of IR and Raman spectroscopy has made the use of a single instrument for both spectroscopies both convenient and cost-effective. Vol. 40, No. 2, 1986, pp. 133-137, Meggers Award, 272 citations 
Background Spectral Features in Inductively Coupled Plasma/Mass Spectrometry
S. H. Tan and G. Horlick
Department of Chemistry, university of Alberta, Edmonton, Alberta T6G 2G2, Canada
Basic background mass spectra of the inductively coupled plasma are presented in this report. The background spectral features were measured for the nebulization of water and for 5% solutions of nitric acid, hydrochloric acid, and sulfuric acid. Background spectra are presented for all these solutions for the mass range 1 to 84 amu, and extensive tables are presented for observed species and their isotopic combinations. Vol. 40, No. 4, 1986, pp. 445-460, 329 citations Norwegian Food Research Institute, P.O. Box 50, N-1432 Aas-NLH, Norway Near-infrared (NIR) reflectance spectra of five different food products were measured. The spectra were transformed by multiplicative scatter correction (MSC). Principal component regression (PCR) was performed, on Isao Noda Ira W. Levin E. Neil Lewis Ramachandra R. Dasari both scatter-corrected and uncorrected spectra. Calibration and prediction were performed for four food constituents: protein, fat, water, and carbohydrates. All regressions gave lower prediction errors (7-68% improvement) by the use of MSC spectra than by the use of uncorrected absorbance spectra. One of these data sets was studied in more detail to clarify the effects of the MSC, by using PCR score, residual, and leverage plots. The improvement by using nonlinear regression methods is indicated. Vol. 42, No. 7, 1988 , pp. 1273 -1284 Particle size, scatter, and multi-collinearity are longstanding problems encountered in diffuse reflectance spectrometry. Multiplicative combinations of these effects are the major factor inhibiting the interpretation of near-infrared diffuse reflectance spectra. Sample particle size accounts for the majority of the variance, while variance due to chemical composition is small. Procedures are presented whereby physical and chemical variance can be separated. Mathematical transformations-standard normal variate (SNV) and de-trending (DT)-applicable to individual NIR diffuse reflectance spectra are presented. The standard normal variate approach effectively removes the multiplicative interferences of scatter and particle size. De-trending accounts for the variation in base-line shift and curvilinearity, generally found in the reflectance spectra of powdered or densely packed samples, with the use of a second-degree polynomial regression. NIR diffuse reflectance spectra transposed by these methods are free from multi-collinearity and are not confused by the complexity of shape encountered with the use of derivative spectroscopy. A novel concept in vibrational spectroscopy called twodimensional infrared (2D IR) spectroscopy is described. In 2D IR, a spectrum defined by two independent wavenumbers is generated by a cross-correlation analysis of dynamic fluctuations of IR signals induced by an external perturbation. 2D IR spectra are especially suited for elucidating various chemical interactions among functional groups. Notable features of the 2D IR approach are: simplification of complex spectra consisting of many overlapped peaks; enhancement of spectral resolution by spreading peaks over the second dimension; and establishment of unambiguous assignments through correlation analysis of bands selectively coupled by various interaction mechanisms. The procedure for generating 2D IR correlation spectra and the properties of the 2D spectra are discussed in detail. Examples of 2D IR spectra are presented for atactic polystyrene and the proteinacious component of human stratum corneum to demonstrate the utility of this technique. Vol. 44, No. 4, 1990, pp. 550-561 A new instrumental approach for performing spectroscopic imaging microscopy is described. The instrument integrates an acousto-optic tunable filter (AOTF) and charge-coupled device (CCD) detector with an infinitycorrected microscope for operation in the visible and near-infrared NIR) spectral regions. Images at moderate spectral resolution (2 nm) and high spatial resolution (1/ zm) can be collected rapidly. Data are presented containing 128 ϫ 128 pixels, although images with significantly larger formats can be collected in approximately the same time. In operation, the CCD is used as a true imaging detector, while wavelength selectivity is provided by using the AOTF and quartz tungsten halogen lamp to create a tunable source. The instrument is entirely solid state, containing no moving parts, and can be readily configured for both absorption and reflectance spectroscopies. We present visible absorption spectral images of human epithelial cells, as well as NIR vibrational absorption images of a hydrated phospholipid suspension, to demonstrate the potential of the technique in the study of biological materials. Extensions and future applications of this work are discussed. Vol. 46, No. 4, 1992, pp. 553-559 Comprehensive expressions have been presented to facilitate the analysis of the surface sum-frequency generation (SFG) spectrum. The electric field components of the SFG beam for a given experimental setup have been related via appropriately defined Fresnel coefficients to the nonlinear source polarization, which in turn has been related to the electric fields of exciting visible and infrared beams through the macroscopic SFG susceptibility tensor. The coefficients of transformation have been given to relate the laboratory-fixed Cartesian components of the SFG tensor to the components described in a surfacefixed axis system. The tensor components have been further related to the components of the microscopic hyperpolarizability tensor of surface species, and the explicit expressions (in terms of the Euler angles defining molecular orientation) of the transformation coefficients are presented to describe the Cartesian tensor components described in a surface-fixed axis system by the moleculefixed components. Vol. 46, No. 6, 1992 , pp. 1051 -1072 A two-dimensional (2D) correlation method generally applicable to various types of spectroscopy, including IR and Raman spectroscopy, is introduced. In the proposed 2D correlation scheme, an external perturbation is applied to a system while being monitored by an electromagnetic probe. With the application of a correlation analysis to spectral intensity fluctuations induced by the perturbation, new types of spectra defined by two independent spectral variable axes are obtained. Such two-dimensional correlation spectra emphasize spectral features not readily observable in conventional one-dimensional spectra. While a similar 2D correlation formalism has already been developed in the past for analysis of simple sinu-soidally varying IR signals, the newly proposed formalism is designed to handle signals fluctuating as an arbitrary function of time, or any other physical variable. This development makes the 2D correlation approach a universal spectroscopic tool, generally applicable to a very wide range of applications. The basic property of 2D correlation spectra obtained by the new method is described first, and several spectral data sets are analyzed by the proposed scheme to demonstrate the utility of generalized 2D correlation spectra. Potential applications of this 2D correlation approach are then explored. Vol. 47, No. 9, 1993 , pp. 1329 -1336 citations
The Effect of Multiplicative Scatter Correction (MSC) and Linearity Improvement in NIR Spectroscopy
Tomas Isaksson and Tormod Naes
Surface-Enhanced Infrared Spectroscopy: The Origin of the Absorption Enhancement and Band Selection Rule in the Infrared Spectra of Molecules Adsorbed on Fine Metal Particles
Masatoshi Osawa, Ken-Ichi Ataka, Katsumasa Yoshii, and Yuji Nishikawa Department of Molecular Chemistry and Engineering, Faculty of Engineering, Tohoku University, Aoba, Aramaki, Sendai 980, Japan (M.O., K.A., K.Y.); and Analytical Center, Konica Corporation, Tokyo 191, Japan (Y.N.) Infrared transmission spectra of molecules adsorbed on silver island films evaporated on CaF 2 have been inves- A real-time, spectral-multiplex method for the complete separation of circular dichroism (CD) spectra from linear birefringence (LB) spectra is presented. The method, called dual polarization modulation (DPM), involves the introduction of a second source of polarization modulation after the CD sample. The first source of polarization modulation, as in conventional CD spectrometers, is lo-Pavel Matousek Michael D. Morris Neil Everall Mike Towrie cated before the sample. Intensity signals at the detector in phase with each of the two polarization modulation frequencies are demodulated simultaneously in parallel and combined electronically in opposition to eliminate the LB spectrum by real-time cancellation. The accuracy of the cancellation can be adjusted electronically without the need to change the optical alignment of the instrument. The DPM method permits baseline-corrected CD spectra to be measured without the need for a subsequent CD background measurement. Vol. 54, No. 11, 2000 , pp. 1634 -1645 It has been known for many years that it should be possible to discriminate between Raman and fluorescence phenomena on the basis of their differing temporal responses. However, it is only relatively recently that optical technology has advanced sufficiently to achieve the necessary combination of high repetition rate and picosecond laser pulses coupled with ''gateable'' multichannel detectors with matched repetition rates and short ontimes. Both electronic and optical gating technologies have been shown to significantly improve the Raman spectra of highly florescent solutions. However, the performance of such systems with solid materials has not been reported in detail. To partially redress this imbalance, this article describes the ps-time-resolved Raman spectroscopy of solid films and powders. Excellent temporal resolution and fluorescence rejection was obtained with homogeneous films, but with powders, multiple scattering has the potential to significantly blur the time resolution. For example, after incidence of a 1-ps pulse on a powdered sample of trans-stilbene, the Rayleigh signal was spread over 100 ps in time and the Raman signal persisted for more than 300 ps. Simple models are presented that predict these temporal responses on the assumption that photons randomly ''diffuse'' through the powder, scattering at particle boundaries and sometimes re-emerging to be detected at a later time. These dynamics imply that fluorescence rejection with bulk powders
